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Control of echo cancellers in a telecommunications system 
Field of the Invention 

The invention relates to echo canceling, and more particularly, to 
5 control of echo cancellers in telecommunication systems. 

Background of the invention 

In telecommunications networks transferring speech, such as tele- 
phone networks and mobile communications systems, an echo may occur on 

10 end-to-end connections, as the voice of the talking party is reflected from the 
network elements or the connection. The echo is disturbing if there is a signifi- 
cant delay on the end-to-end connection. The delay is usually a propagation 
delay which causes the echo especially in long-distance or international calls 
and in calls using satellite links. The delay may also result from digital signal 

15 processing which is the main reason for echo in digital mobile communications 
systems. The echo is divided into two categories: an acoustic echo between the 
ear piece and the microphone over telephone and an electric echo caused in 
transmission and reception directions in communications systems. One of the 
main reasons behind the electric echo is hybrid circuits (two-wire-four-wire con- 

20 verters) located in local exchanges or remote subscribers' stages. 

An echo canceller or an echo suppresser has conventionally been 
used to obviate problems caused by the echo. An echo canceller is a device for 
processing a speech signal. It estimates the echo and reduces it by subtracting 
the echo estimate from a signal returning from the echo path. 

25 In mobile communications systems, the echo cancellers are typically 

included in the mobile terminals and mobile switching centers which provide a 
gateway to other network, such as the public switched telephone network PSTN. 
The mobile switching center providing a gateway to the PSTN is referred to as a 
PSTN gateway-MSC herein. In the MS-MS call both the terminals contain the 

30 needed echo canceller device and the network elements involved in the call 
need not have any echo canceller. In the PSTN-MS call another echo canceller 
must be connected to the PSTN side of the call at the PSTN gateway-MSC 
while the other echo canceller is in the MS, or otherwise the echo is noticed in - 
the mobile terminal. 

35 An intelligent network is a flexible way to introduce new services into 

the telecommunications network. The intelligent network consists of service 
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control points (SCP), sen/ice switching points (SSP) and various other elements. 
The service switching point's (SSP) functionality is typically located in the 
switching center of a conventional communications network, such as the MSC 
or the GMSC in the GSM system. The SSP/MSC is then connected to the serv- 
5 ice control point (SCP) which contains the intelligent service programs. The call 
control of the MSC uses a basic call state model (BCSM) which contains various 
detection points (DP) for modeling the state of the call towards the SCP. One or 
more of the detection points may be provided with a service trigger for the de- 
sired IN service. When call establishment proceeds to the detection point in the 

10 BCSM, and there is an activated service trigger, the SSP/MSC sends a request 
to the SCP. The SCP responds with operations which control the functions of 
the SSP/MSC in such a way that the activated service can be provided. 

The IN services or similar services (e.g. services initiated by a voice 
message service or a voice mail system VMS) may include call drop back, call 

15 drop back return, follow on call, and call party handling services. The call drop 
back mechanism allows subscriber A to make a call to the person who has left a 
message in the voice mail. The call will be "dropped" to some of the previous 
MSCs and rerouted to subscriber C. In this mechanism subscriber A does not 
have to release the original call and make a new call to subscriber C. Call drop 

20 back return is a re-establishment of the MSC-VMS/service node (VMS = Voice 
Mail Service) connection, when the connection to the subscriber C has been 
successful and when the subscriber C has hung up the phone. The call can then 
be forwarded again to another subscriber. The follow-on call is a feature that 
enables the user to make a series of service requests without going through the 

25 identification and authentication process before performing each requested 
service. The identification and authentication are performed only on the first 
service request of the series. This functionality may be enhanced with other ca- 
pabilities, it may be used e.g. for the call drop back service. One further service 
is call party handling (CPH). The CPH operations allow to establish new call 

30 parties in a flexible manner or to remove parties from the call and control the 
cross-connections between the parties. All the above-mentioned services may 
involve change of the connection configuration during the call. 

The echo problem can appear in some particular cases when the 
connection configuration is changed during the call. This problem arises if the 

35 original connection configuration does not reserve any echo canceller, but the 
new connection configuration would require one. This happens, for example, 
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when a PSTN-PSTN connection is changed to a PSTN-MS connection. The 
same problem also concerns private branch exchange (PBX) calls. As an ex- 
ample, let us assume that a call addressed to a mobile station MS is routed from 
the PSTN via a PSTN gateway mobile switching center (PSTN gw-MSC) to a 
5 serving mobile switching center (MSC) within a mobile network. Then, due to an 
activated call-forwarding-when-busy service, for example, the call is further 
routed from the serving MSC via the same or another PSTN gw-MSC to the 
PSTN. In a PSTN-PSTN call no echo canceller is reserved in the PSTN gw- 
MSC. Then, later during the call, when for instance the CPH is used, the con- 

10 nection configuration is changed by releasing the second (forward) PSTN leg 
and establishing a new connection leg to the called MS under control of the 
serving MSC. The new PSTN-MS call would require an echo canceller but the 
PSTN gw-MSC has not reserved any echo canceller for the call. Therefore, the 
MS subscriber will experience a disturbing echo. One solution to this problem 

15 would be to provide an echo canceller in each MSC so that the serving MSC 
can internally connect an echo canceller to a call connection while changing the 
connection configuration. 

Similar problem may arise when the type of call is changed during an 
active call. For example, a call may be started in a speech mode requiring" an 

20 echo canceller in the PSTN gw-MSC and then later be changed into a facsimile 
mode in which the echo canceller is not allowed. Thus, also switching between 
the speech mode and the fax mode during a call requires an echo canceller in 
each MSC so that the echo canceller can be connected to and disconnected 
from the call. 

25 

Disclosure of the Invention 

An object of the present invention is to avoid the need for echo can- 
celing equipment in each switching center in a communications network. 

The invention relates to methods and communication networks as 
30 claimed in the attached independent claims. Preferred embodiments" of the 
claims are disclosed in the dependent claims. 

The basic idea of the invention is that the switching center which 
controls the change of the call party or the change of the call type is arranged 
to command the nearest switching center having the echo canceling capability, 
35 to connect/disconnect echo canceling equipment to/from the connection. In 
other words, in these special situations the echo cancellation is controlled by a 
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new signaling feature within the communications network. As a result, it is un- 
necessary to introduce echo canceling equipment into each switching center in 
the communications network for these special situations only. 

The signaling may be performed by any signaling message which 
5 can be sent during an active call, e.g. a new signaling message defined for 
this special purpose, or an existing signaling message modified to carry the 
echo canceller control information according to the invention. In the preferred 
embodiment of the invention, an ISUP message, such as the ISUP Facility 
message, is provided with a new parameter for controlling the echo canceling. 

10 

Brief Description of the Drawings 

In the following the invention will be described in great detail by 
means of the preferred embodiments with reference to the accompanying 
drawings, in which 

15 Figure 1 is a block diagram illustrating a PSTN-PSTN call estab- 

lished via a serving SSP/MSC in a mobile communications network, 

Figure 2 is a block diagram illustrating a PSTN-MS call changed 
from the PSTN-MS call of Figure 1 by means of call party handling CPH, for 
example, 

20 Figure 3 is a signaling diagram illustrating the signaling used for 

changing the connection configuration from Figure 1 to Figure 2 and the con- 
trol of the echo canceller according to the present invention, 

Figure 4 is a block diagram illustrating a speech/fax call between 
the MS and the PSTN, and 

25 Figure 5 is a signaling diagram illustrating the change of the call 

type from speech to fax and vice versa, and the associated control of the echo 
canceller according to the present invention. 

Preferred embodiments of the invention 

The present invention can be applied to any telecommunications 
30 system in which the connection configuration or the call type or any other fea- 
ture of the call is changed during the call so that the need for echo canceling 
arises or echo canceling cannot be used any more. 

The preferred embodiments of the invention will be described below 
using the GSM mobile communication network as an example. 
35 Referring now to Figure 1, the mobile switching center MSC is con- 
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nected to a service control point of the intelligent network and operates as a 
service switching point SSP. Although not shown in Figure 1, the MSC/SSP is 
connected to a base station system BSS which provides a radio connection for 
the mobile station MS. One or more of the mobile switching centers in the mo- 
5 bile network are gateway MSCs which comprise gateway functions for calls 
routed to external telecommunications networks and calls arriving from those 
networks. In Figure 1 there are two PSTN gw-MSCs connected to the PSTN. 
There are also at least two data bases, the home location register HLR and 
the visitor location register VLR in the network (not shown). 

10 Figure 1 shows a PSTN-PSTN call connection configuration. This 

connection configuration may have resulted for example from a call made by 
the PSTN subscriber A via the PSTN gw-MSC to the SSP/MSC serving the 
addressed mobile station MSC (subscriber C). Then, for some reason, for ex- 
ample due to a call-forwarding-when-busy function, the second connection leg 

15 is not established from the SSP/MSC to the called MS but the call is routed via 
a second PSTN gw-MSC to a second PSTN subscriber (subscriber B). As a 
consequence, we have a connection comprising a first connection leg from the 
subscriber A to the serving SSP/MSC and a second connection leg from the 
serving SSP/MSC to the PSTN subscriber B. 

20 Let us now assume that when the call is active and having a con- 

figuration as illustrated in Figure 2, the PSTN subscriber B who has a re- 
answer possibility initiates release of the call, and an ISUP release message 
SUS is sent via the PSTN gw-MSC to the SSP/MSC. Based on the follow-on 
call feature, for instance, the SSP/MSC sends an initial DP message (an INAP 

25 operation) in order to initiate a new IN service in the SCP. The SCP responds 
with a disconnect leg message DL. Disconnect leg is an INAP operation which 
enables the SCP to disconnect (release) a connection leg in a two-party or 
multiparty call. Upon receiving the message DL, the SSP/MSC sends an ISUP 
release-message REL via the PSTN gw-MSC to the PSTN. The terminating 

30 side will acknowledge the REL by a message RLC. As a result, the second leg 
from the SSP/MSC to the PSTN is released. It should be noted that the IN 
service initiated by the IDP message involves some sort of user interaction 
before the DL message is sent. For example, an announcement may be 
played to the subscriber A in order to prompt him to provide instructions on 

35 how the call should be rerouted. The instructions may be given orally or by 
DTMF (Dual Tone Multi Frequency) dialing. The announcement may be for 
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example: "Push number one for the secretary, number two for the voice mail", 
etc. It is also possible that the subscriber B, e.g. a voice message service, 
sends the number of the subscriber C to which the call should be rerouted in 
the release message REL. In the latter case the MSC can independently re- 
5 route the call also when no IN network is involved (cf. The call dropback serv- 
ice). 

After sending the message DL, the SCP sends a connect message 
CON to the SSP/MSC. Connect is an INAP operation which enables the SCP 
to provide a telephone number of the new subscriber C to which the call is to 

10 be rerouted. The telephone number of the subscriber C may have been ob- 
tained from the subscriber A during the user interaction or selected according 
to the instructions from the subscriber A, or the number may have been ob- 
tained by some other method. 

Upon receiving the message CON, the SSP/MSC sends an ISUP 

15 facility message FAC to the PSTN gw-MSC on the first leg (i.e. towards the 
subscriber A). In accordance with the present invention, the message FAC 
contains control information which causes the PSTN gw-MSC to connect the 
echo canceling equipment to a line. The SSP/MSC has determined that echo 
canceling is needed because the new subscriber C is a mobile station MS. 

20 Prior to, simultaneously with, or after sending the message FAC, 

the SSP/MSC carries out a normal call setup to the mobile station C. As the 
call to be setup is a speech call, echo canceling is automatically used in the 
mobile station MS. Then the subscriber C answers normally and call configu- 
ration is completed as shown in Figure 2. The old call configuration is shown 

25 by a dashed line in Figure 2. 

The ISUP facility message is defined in ITUT-recommendation 
Q.763, table 45. The new echo-canceller-control parameter for the purposes of 
the present invention can be defined to be one of the optional parameters. 
Other parameters which may be required in the echo canceller control are the 

30 message type, message compatibility information, and parameter compatibility 
information in the facility message. It should be noted, however, that the con- 
trol information according to the present invention can be sent using any mes- 
sage which can be sent in a speech state during an active call. 

Another reason for using call configuration according to Figure 1 

35 may be that the subscriber A has called to a service number in a mobile com- 
munications network, and the call has resulted in a IN service request to the 
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SCP in a signaling phase, and then the SCP has commanded that the call 
should be routed to the PSTN subscriber B. In this case, the SSP would likely 
report the release of the second leg using an event report BCSM (ERB) mes- 
sage instead of an IDP message. 
5 As noted above, the need for echo canceling may change also 

when the call type is changed during an active call. The possible call types 
may include a speech mode, a facsimile mode, and a data transmission mode, 
for example. In the following, the invention will be illustrated by using a 
speech/fax call as an example. Figure 4 illustrates a speech/fax call estab- 

10 lished from a mobile subscriber A via a serving MSC and a PSTN gw-MSC to 
the PSTN subscriber B. The PSTN gw-MSC is provided with echo canceling 
equipment which can be connected to the call when needed. The MSC has no 
echo canceling equipment. Normally, when establishing a speech call, the 
GSM traffic channel between the mobile station MS and the serving MSC is in 

15 a speech mode using speech encoding. The transmission leg between the 
serving MSC and the PSTN gateway MSC is typically a PCM link, and a typi- 
cal PSTN connection (or ISDN connection) is provided between the PSTN gw- 
MSC and the PSTN subscriber B. As the call is established in a speech state, 
the echo canceling equipment is also needed and connected to the line in the 

20 PSTN gateway-MSC. However, upon establishing the call initially in a speech 
mode, the mobile station may automatically or due to the user intervention, 
change the call type into a facsimile mode. The facsimile mode means that the 
traffic channel between the MS and MSC is in a data mode and specific fac- 
simile adapters are provided at the ends of the connection. The echo cancel- 

25 ing is not allowed in the facsimile call since the signal is distorted by the echo 
canceling, and thus the facsimile transmission has deteriorated or failed. 
Therefore, the echo canceling equipment should be disconnected from the line 
in the PSTN gw-MSC. On the other hand, if the call were later returned to the 
speech mode, the echo canceling equipment should be connected back to the 

30 line. 

Figure 5 is a signaling diagram illustrating the echo canceller control 
according to the present invention in a speech/facsimile call. Firstly, the MS 
changes the call type from the speech to the facsimile mode in the mobile 
equipment (step 51). The MS initiates the change of the GSM traffic channel 
35 from the speech mode to the facsimile mode by signaling to the MSC (step 
52). The MSC changes the mode of the traffic channel, and in accordance with 
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the present invention, sends an ISUP facility message FAC containing the 
echo canceller control information to the PSTN gateway-MSC (step 53). Re- 
acting to the received control information, the PSTN gw-MSC disconnects the 
echo canceller from the outbound circuit of the connection (step 54). As a re- 
5 suit, successful facsimile transmission can be initiated. 

Later in the call the mobile station MS initiates a change back to the 
speech mode (step 55). The MSC changes the GSM traffic channel from the 
facsimile mode into the speech mode and, in accordance with the present in- 
vention, sends an ISUP facility message FAC containing the echo canceller 

10 control information to the PSTN gw-MSC. Reacting to the echo canceller con- 
trol information, the PSTN gw-MSC connects the echo canceling equipment 
back to the outbound circuit of the connection (step 57). 

It is also possible to disconnect the echo canceller from the line 
when facsimile signaling is detected by the echo canceller or the PSTN gw- 

15 MSC. However, in this case the echo canceller cannot be connected back to 
the line when the call is changed back to the speech mode, and thus an echo 
will be present in the call in the prior art systems. Also, this problem can be 
avoided by an embodiment of the present invention wherein the serving MSC, 
when changing the mode of GSM traffic channel, commands the PSTN gw- 

20 MSC to connect the echo canceller to the line. This corresponds to steps 55- 
57 in Fig. 5. However, when changing from a speech mode to a facsimile 
mode, the echo canceller independently detects the facsimile mode and 
leaves the connection. In other words, the steps 52-53 of Fig. 5 are not 
needed in this embodiment. 

25 The application has been described above by means of the pre- 

ferred embodiments to illustrate the principles of the invention. The details of 
the invention may vary within the scope and spirit of the accompanying claims. 
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Claims 

1. A method for controlling echo canceling in a telecommunications 
network comprising a first switching center having _no echo canceling equip- 
ment and at least one second switching center having echo canceling equip- 
5 ment, said method comprising a step of 

establishing a call connection which is routed via said first switching 
center and said at least one second switching center without connecting the 
echo canceling equipment to the connection, 

characterized by further steps of 
10 changing, under control of said first switching center, a configura- 

tion of the call connection so that echo canceling becomes necessary, 

sending to said at least one second switching center from said first 
switching center a message commanding said at ieast one second switching 
center to connect the echo canceling equipment to the connection. 

15 2. A method according to claim 1, wherein said telecommunications 

network is a mobile communications network, said first switching center is a 
mobile switching center, and said at least one second switching center is a 
gateway mobile switching center connecting said mobile communications net- 
work to a fixed telephone network, characterized by steps of 

20 establishing said call connection initially between a first fixed tele- 

phone network party and a second fixed network party through said first mo- 
bile switching center and said gateway mobile switching center without any 
echo canceling equipment being connected to the call connection in said 
gateway mobile switching center, 

25 releasing a connection leg between said first mobile switching cen- 

ter and the second fixed network party, 

establishing, under control of said first mobile switching center, a 
new connection leg to a mobile station in the mobile communications network 
so that an end-to-ehd connection between the first fixed telephone network 

30 party and the mobile station is provided through the first and gateway mobile 
switching centers, 

sending to said gateway mobile switching center from said first mo- 
bile switching center a message commanding said gateway mobile switching 
center to connect the echo canceling equipment to the connection. 
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3. A method according to claim 1 or 2, characterized by 
said message being an ISUP Facility message provided with a specific field for 
controlling the connecting of the echo canceling equipment. 

4. A method according to claim 1,2 or 3, characterized by 
5 a step of controlling the call in said first switching center by an intelligent net- 
work. 

5. A method according to claim 4, characterized by a step 
of performing said release of the connection leg to the second fixed network 
party and said establishment of the new connection to the mobile station dur- 

10 ing a call party handling procedure of the intelligent network. 

6. A method according to claim 2, 3 or 4, characterized by 
said step of releasing the connection leg between said first mobile switching 
center and the second fixed network party being performed in response to a 
release initiated by the second fixed network party, preferably a voice mail 

1 5 service. 

7. A method for controlling echo canceling in a telecommunications 
network comprising a first switching center having no echo canceling equip- 
ment and at least one second switching center having echo canceling equip- 
ment, said method comprising a step of 

20 establishing a call connection in a speech mode via said first 

switching center and said at least one second switching center so that the 
echo canceling equipment is connected to the connection, 
characterized by further steps of 

changing, under control of said first switching center, the type of call 
25 - connection from the speech mode to another transmission mode in which 
echo canceling is not allowed, 

sending to said at least one second switching center from said first 
switching center a signaling message commanding said second switching 
center to disconnect the echo canceling equipment from the connection. 

30 8. A method according to claim 7, characterized by steps of 

changing, under control of said first switching center, the type of the 

call connection from said other transmission mode back to the speech mode, 
sending to said at least one second switching center from said first 

switching center a signaling message commanding said second switching 
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center to connect the echo canceling equipment to the connection. 

9. A method according to claim 7or 8, characterized in that 
said telecommunications network is a mobile communications network, said 
first switching center is a mobile switching center, and said at least one sec- 

5 ond switching center is a gateway mobile switching center connecting said 
mobile communications network to a fixed telephone network. 

1 0. A method according to claim 9, characterized by steps 

of 

establishing said call connection between a mobile station and a 
10 second fixed network subscriber through said first mobile switching center and 
said gateway mobile switching center with echo canceling equipment being 
connected to the call connection in said gateway mobiie switching center, 

changing, under control of said mobile switching center, the type of 
call connection from the speech mode to said other transmission mode in 
15 which echo canceling is not allowed, 

sending to said gateway mobile switching center from said first mo- 
bile switching center said signaling message commanding said gateway mo- 
bile switching center to disconnect the echo canceling equipment from the 
connection. 

20 1 1 . A method according to claim 9, characterized by steps 

of 

changing, under control of said mobile switching center, the type of 
the connection from said other transmission mode back to the speech mode, 

sending to said gateway mobile switching center from said first mo- 
25 bile switching center said signaling message commanding said gateway mo- 
bile switching center to connect the echo canceling equipment to the connec- 
tion. 

12. A method according to any one of claims 7-11, charac- 
ter i z e d in that said other transmission mode is a facsimile mode or a data 

30 transmission mode. 

13. A communications network, comprising a first switching center 
(MSC) having no echo canceling equipment and at least one second switching 
center (PSTN gw-MSC) having echo canceling equipment, said first switching 
center (MSC) being capable of changing the call party during the call by re- 

35 leasing a connection leg to an old party and establishing a new connection leg 
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to a new party, characterized by 

the first switching center (MSG) is arranged to send, in response to 
the change of call party, to said at least one second switching center (PSTN 
gw-MSC) a signaling message (FAC) commanding said second switching 
5 center to connect the echo canceling equipment to a call connection, when 
there is no echo canceling equipment already connected to the call connection 
and echo canceling is required due to the new party. 

14. A network according to claim 13, characterized in that 
said communications network is a mobile communications network, said first 

10 switching center is a mobile switching center (MSC), and said at least one 
second switching center (PSTN gw-MSiC) is a gateway mobile switching cen- 
ter connecting said mobile communications network to a fixed telephone net- 
work. 

15. A network according to claim 14, characterized in that 
15 said call connection initially comprises a first connection leg from the first mo- 
bile switching center (MSC) via said gateway mobile switching center (PSTN 
gw-MSC) to a first fixed telephone network party, and a second connection leg 
from the first mobile switching center (MSC) to a second fixed telephone net- 
work party, and that the first mobile switching center is arranged to release the 

20 second connection leg in response to a release message sent by the second 
fixed telephone network party, and to establish a new connection leg from the 
first mobile switching center (MSC) to a mobile subscriber (MS), said new 
connection requiring echo canceling. 

16. A network according to claim 14, characterized in that 
25 said said call connection initially comprises a first connection leg from the first 

mobile switching center (MSC) via said gateway mobile switching center 
(PSTN gw-MSC) to a first fixed telephone network party, and a second call 
connection leg from the first mobile switching center (MSC) via said gateway 
mobile switching center (PSTN gw-MSC) to a service node, preferably a voice 
30 mail service, and that the first mobile switching center is arranged to release 
the second connection leg in response to a release message sent by the 
service node, and to establish a new connection leg from the first mobile 
switching center (MSC) to a mobile subscriber (MS), said new connection re- 
quiring echo canceling. 

35 17. A network according to any one of claims 12-16, c h a r a c - 
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t e r i z e d by said message (FAC) being an ISUP Facility message provided 
with control information for controlling the connecting of the echo canceling 
equipment. 

18. A network according to any one of claims 13-17, charac- 
5 terized by said first switching center (MSC) being connected to a service 

control point in an intelligent network. 

19. A network according to claim 18, characterized by said 
first switching center (MSC) being arranged to perform the change of a call 
party by a call party handling procedure of the intelligent network. 

10 20. A communications network comprising a first switching center 

(MSC) having no echo canceling equipment and at least one second switching 
center (PSTN gw-MSC) having echo canceling equipment, said first switching 
center (MSC) being capable of changing the call type from a speech mode to 
another transmission mode during the call, characterized by 

15 the first switching center (MSC) is arranged to send, in response to 

said change of call type from said speech mode to said other transmission 
mode, to said at least one second switching center a signaling message (FAC) 
commanding said second switching center (PSTN gw-MSC) to disconnect the 
echo canceling equipment from a call connection, when said call connection is 

20 routed via said second switching center. 8(MSC) (PSTN gw-MSC) (MSC) 
(MSC) (PSTN gw-MSC) (FAC) 

21 . A network according to claim 20, characterized in that 
said telecommunications network is a mobile communications network, said 
first switching center is a mobile switching center (MSC), and said at least one 

25- second switching center is a gateway mobile switching center (PSTN gw- 
MSC) connecting said mobile communications network to a fixed telephone 
network. 

22. A network according to claim 20 or 21, characterized in 
that said other transmission mode is a facsimile mode or a data transmission 

30 mode. 
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